Within Europe large difference exist in all-cause mortality with high rates in Eastern Europe and low rates in Western Europe. 1 In men aged 45-74 there is a more than twofold difference in all-cause mortality between men in Iceland and the Ukraine. From a public health point of view it is important to know what the determinants of these population differences in all-cause mortality are.
mortality rates, cigarette smoking and alcohol intake 6 were taken into account. The objective of the present study was to investigate the associations between the population intake of different nutrients and alcohol, the prevalence of cigarette smoking and all-cause mortality rates in the Seven Countries Study.
Methods
Between 1958 and 1964, 12 763 men aged 40-59 were enrolled in the Seven Countries Study. In these countries 16 cohorts were established: 11 in rural areas in Finland, Italy, Greece, the former Yugoslavia and Japan, two cohorts of railroad employees in the US and Italy, one of workers in a large co-operative in Serbia, one of university professors in Belgrade and one of inhabitants of a small commercial market town in the Netherlands. The characteristics of these cohorts have been described in detail. [7] [8] [9] Information on smoking was collected by questionnaire and the percentage of cigarette smokers per cohort was calculated. Between 1959 and 1964 dietary information was collected in small random samples of 14 of the 16 cohorts. 10 In the other two cohorts dietary information was gathered around 1970. These samples consisted of 8-49 men per cohort. The weighed record method was used in all dietary surveys. In 1985 and 1986 the original dietary data of all these cohorts were coded in a standardized way. The average intake of different foods consumed in the 16 cohorts was calculated and summarized in 16 food groups. 10 In 1987, equivalent food composites representing the average food intake of each cohort at baseline were collected from local markets by two dieticians. These foods were transported in cooling boxes to the laboratory of the Department of Human Nutrition, Agricultural University, Wageningen, the Netherlands (Head: MB Katan). The foods were cleaned and equivalent food composites prepared according to the average consumption patterns of the cohorts. Oxalic acid was added to the equivalent food composites in order to preserve the vitamin C content. The foods were homogenized and frozen at -20°C until chemical analyses of the different nutrients took place.
In 1987 and 1988 total lipids were isolated according to Osborne and Voogt 11 and fatty acids were determined by gas chromatography. 12 The total flavonoid content was quantified by high-performance liquid chromatography as the sum of quercetin, kaempferol, myricetin, luteolin and apigenin. 13 Alcohol was determined by the method of BoehringerMannheim. 14 Total dietary fibre was determined with an enzymatic gravimetric method. 15 Vitamin C was determined by a fluorimetric method. 16 The vital status of all men was checked roughly every 5 years. Over 25 years 5973 men (47%) died. Only 56 men (0.4%) were lost to follow-up. The underlying cause of death of the men who died was established centrally by Blackburn and Menotti during the first 10 years of follow-up and after 10 years of follow-up by Menotti. The endpoint of primary interest in the present study is all-cause mortality. Also the population mortality rates for coronary heart disease (ICD-8 codes 410-414 plus cases of sudden death judged of coronary origin and cases of chronic heart disease of possible coronary origin classified as codes 402, 404 and 427), lung cancer (ICD-8 code 162), colorectal cancer(ICD-8 codes 152-154) and stomach cancer (ICD-8 codes 151) are reported. Age-adjusted all-cause mortality rates were calculated using the age distribution of all participants in the Seven Countries Study as a standard.
The dietary intake variables represent the average for each cohort. The log absolute alcohol intake was used in the analyses in order to normalize the alcohol distribution. Analyses concern only inter-cohort comparisons, using simple and multiple linear regression models. Because of the limited degrees of freedom, the multiple regression models never included more than four independent variables. We started the multivariate linear regression analyses with the model: All-cause mortality = saturated fat + smoking, because we observed earlier that this combination of independent variables is a strong predictor of coronary heart disease mortality. 3 Other variables e.g. vitamin C, dietary fibre, flavonoids, alcohol, were added one by one and the model explaining most of the variance in all-cause mortality rates was selected. Only two-sided P-values are reported.
Results
Large differences in saturated fat intake were observed between the different cohorts ( Table 1 ). The average intake varied between 3.9% of energy in Tanushimaru The lowest 25-year age-adjusted all-cause mortality rates were observed in Belgrade (Serbia, 29.5%) and Crete, Greece (31.4%) and the highest in Slavonia, Croatia (61.0%) and East Finland (59.7%) ( Table 2 ). These results show that there is a twofold range in all-cause mortality rates in the Seven Countries Study comparing the cohorts with the highest mortality rates with those of the lowest mortality rates. Even larger ranges were observed for coronary heart disease (sixfold), lung cancer mortality (sevenfold), colorectal cancer (20-fold) and stomach cancer (26-fold) age-adjusted mortality rates.
Univariate analyses showed that the different dietary variables, alcohol intake and the prevalence of smokers were not significantly associated with 25-year age-adjusted all-cause mortality rates (Table 3 ). The strongest associations were obtained for saturated fat intake, prevalence of smoking and vitamin C intake. Earlier analyses showed that the nonsignificant association between the prevalence of smokers and the 25-year population mortality rates for coronary heart disease became statistically significant when both the prevalence of cigarette smokers and saturated fat intake were added to the model. 3 In the present study the prevalence of smokers and saturated fat intake were significantly associated with all-cause mortality in a multivariate model. The model improved further when vitamin C intake was added but not when flavonoid, dietary fibre intake or alcohol were added. In the final model, the prevalence of smokers, and the average population saturated fat and vitamin C intake explained 52% of the variance in population all-cause mortality rates. Figure 1 shows the association between the observed 25-year age-adjusted all-cause mortality rates of the 16 cohorts and the predicted allcause mortality rates based on average population intakes of saturated fat and vitamin C and the prevalence of smokers.
Discussion
The major finding of the present study is that the average population intake of saturated fat and vitamin C and the prevalence of smokers are major determinants of all-cause mortality rates. Saturated fat and smoking are detrimental, but vitamin C seems to be protective in relation to the health of populations. The strength of the present study is the standardized methodology for data collection and the prospective design. Another advantage is the chemical analyses of the food consumption data, although the chemical analyses were carried out 25 years later in equivalent food composites representing the average food consumption pattern of each cohort in the 1960s. This delay could have biased the estimate of average population intake of the different nutrients. However, strong correlations were observed between fatty acids determined 25 years apart, 2 likely being good surrogates for other correlations.
The present study has several weaknesses. Only average nutrient and alcohol intake data were available for each cohort and no individual data. Eleven of the 16 cohorts were rural and consisted mostly of farmers. This made analyses on the effect of socioeconomic status and occupation on all-cause mortality rates impossible. The population data of only 16 cohorts provided limited possibilities for multivariate analyses. The representativeness of the dietary data of the small samples for the whole cohorts can be questioned. The average nutrient and alcohol intake of the samples provided probably a reasonable estimate for the average intake of each cohort. The a priori hypothesized regional differences in dietary patterns between different cohorts within one country were actually observed. 8 The 16 cohorts should be viewed as independent populations with different dietary habits. Because of the large differences in dietary habits these cohorts could be used to investigate associations between population nutrient intakes and all-cause mortality rates.
The results of the present analyses show that saturated fat, vitamin C and smoking are the major determinants of all-cause mortality at the population level. It has earlier been shown that at the population level smoking and saturated fat are major determinants of coronary heart disease and that vitamin C is protective in relation to stomach cancer. 2, 5 The effect of these lifestyle-related variables is not only of importance in relation to specific diseases but also in relation to all-cause mortality. This does not mean that other nutrients and foods are unimportant. At the population level saturated fat intake is inversely related with alcohol intake and fish consumption. 17 Cohort studies have shown that a moderate alcohol intake and the consumption of fish at least once a week may protect against coronary heart disease mortality. 18, 19 Populations with a low saturated fat intake may also be characterized by a moderate alcohol and fish intake and a high intake of vegetables and fruits as in the Greek cohorts of the Seven Countries Study. This means that a balanced diet low in saturated fat and high in vitamin C and with an adequate supply of other nutrients is compatible with a low all-cause mortality rate. This does not only hold at the population level but also at the individual level. 20 One of the cohorts with the lowest all-cause mortality rate was that of farmers on Crete. They consumed a typical Mediterranean diet, low in saturated fat but high in mono-unsaturated fat because of a high olive oil consumption. Their alcohol and fish intake was moderate and they had a high intake of fruits and vegetables. A small cohort study in the elderly from Greece showed that the traditional Mediterranean diet was associated with lower all-cause mortality than a less traditional Mediterranean diet. 21 In an intervention trial in cardiac patients an alpha linolenic acid enriched Mediterranean diet was associated with a 70% reduction of all-cause mortality during 5 years of follow-up. 22 These results provide evidence that the Mediterranean diet is associated with a low level of all-cause mortality both at the population and at the individual level.
In 1960 57% of the Cretan farmers were smokers. In another analysis using individual data of the Seven Countries Study it was shown that the 25-year all-cause mortality rate for Greek farmers who smoked at least 10 cigarettes per day was 12% higher (39.8 versus 27.8%) compared with never smokers. 23 For the other cohorts the difference in all-cause mortality between smokers and never smokers varied between 9 and 24%. These results show that even in the Cretan situation there is room for improvement. A Cretan diet in combination with not smoking seems to be associated with the lowest all-cause mortality rates.
Another cohort with a low all-cause mortality rate was that of members of the faculty of Belgrade University. The diet of the Belgrade professors was high in saturated fat and they smoked moderately. During 25 years of follow-up the prevalence of smoking decreased from 44 to 15%. 24 was 12.3% (41.8 versus 29.5%) higher than the observed mortality rate. This may be due to the substantial decrease in the prevalence of smokers during 25 years of follow-up. An alternative explanation could be that besides smoking and diet other factors such as socioeconomic status are also important determinants of all-cause mortality. 25 The potential effect of changes in saturated fat, vitamin C and the prevalence of smokers can be illustrated as follows. A change in saturated fat of 5% of energy is associated with a 4.7% change in age-adjusted all-cause mortality rate (Table 3) . A change in 20 mg vitamin C intake is associated with a 2.0% change in all-cause mortality rate. A 10% change in the prevalence of smokers is associated with a 5.7% change in all-cause mortality. If for instance the population saturated fat intake decreases from 15 to10% of energy, the vitamin C intake increases from 50 to 70 mg/day and the prevalence of smokers decreases from 40 to 30% it can be predicted that the ageadjusted all-cause mortality rate will decrease by 12.4% (95% CI : 5.6-19.4%). The average 25-year age-adjusted all-cause mortality rate in the Seven Countries Study was about 45%. This means that the best estimate for these changes in diet and smoking predicts a decrease in the 25-year population all-cause mortality rate from 45 to 33%. This predicted effect of changes in diet and smoking is probably an overestimate because as we discussed before saturated fat intake is associated with other risk factors.
That these type of changes may occur in reality can be illustrated with recently published results from Poland. 26 After two decades of rising rates a decrease of about 25% in coronary heart disease mortality rates was observed in men and women aged 45-64 between 1991 and 1994. The decrease in all-cause mortality rates amounted to about 10%. The most likely explanation for these changes was a 23% decrease in the intake of animal fats, a 48% increase in vegetable fats and a doubling in the import of exotic fruits (citrus fruits and bananas) between 1991 and 1994. The prevalence of smokers was stable between 1991 and 1994 and amounted to about 50% in men and 25% in women. These results show that important changes in fatty acid composition and vitamin C intake in populations may lead almost immediately to drastic changes in coronary heart disease and all-cause mortality rates.
It can be concluded that saturated fat, vitamin C and smoking are important predictors of all-cause mortality at the population level. The lowest all-cause mortality rates were observed among Cretan farmers and Belgrade professors, suggesting that besides diet and smoking socioeconomic status is also an important determinant of all-cause mortality rates. We did not collect information on other possible determinants of all-cause mortality e.g. access to and use of medical care. It is therefore not possible to present a complete picture on the determinants of population all-cause mortality rates. However, a balanced diet low in saturated fat in combination with not smoking is an important component of a long and probably healthy life expectancy.
